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MAGNETIC RECORDING MEDIUM, METHOD OF 
PRODUCING THE SAME AND MAGNETIC 
RECORDING AND REPRODUCING DEVICE 

[0001] ITiis application claims benefit of earlier applica- 
tions based on provisional U.S. Patent Application No. 
60/268968 (Filed: Feb. 16, 2001). 

BACKGROUND OF THE INVENTION 
[0002] 1. Field of the Invention 

[0003] The present invention relates to a magnetic record- 
ing medium, a method of producing the same and magnetic 
recording and reproducing device having a perpendicular 
magnetic film with an axis of easy magnetization which is 
oriented mainly perpendicularly with respect to the sub- 
strate. 

[0004] 2. Description of the Related Art 

[0005] Recording media which are presently available on 
the market are mainly in-plane magnetic recording media 
having an axis of easy magnetization of the magnetic film 
oriented mainly parallel to the substrate. 

[0006] For longitudinal magnetic recording media, in 
order to achieve high recording densities, it is necessary to 
attempt to reduce the noise by decreasing the particle 
diameter of the magnetic crystal grains, but if the particle 
diameter of the magnetic crystal grains is reduced, because 
the volume of the grains is reduced, deterioration in the 
reproducing characteristics can readily occur due to thermal 
fluctuations. Furthermore, when increasing the recording 
density, the noise of the medium can increase due to the 
effect of demagnetizing fields at the recorded bit boundaries. 

[0007] In contrast, for a so-called perpendicular magnetic 
recording media, which have an axis of easy magnetization 
of the magnetic layer oriented mainly perpendicularly to the 
substrate, even if the recording density is increased, there is 
little effect from demagnetizing fields at bit boundaries, and 
because the boundaries can form sharply defined magnetic 
recording domain, the noise can be reduced. 

[0008] Moreover, because high recording densities can be 
achieved for perpendicular magnetic recording media with 
relatively large crystal grains, the resistance to thermal 
agitations can also be increased, and as a result, they have 
attracted much attention in recent years. For example, Japa- 
^nese Unexamined Patent Application, First Publication No. 
60-214417 discloses a perpendicular magnetic recording 
medium wherein Ge and Si are used as materials for an 
underlayer for a perpendicular magnetic layer comprising a 
Co alloy. 

[0009] Particularly, by combining a perpendicular two 
layer medium provided with a soft magnetic underlayer with 
a single-pole magnetic head, it is possible to obtain efficient 
reproducing. However, when this two layer medium is used, 
spike noise is observed from the magnetic domain walls of 
the soft magnetic underlayer, and the error rale increases. In 
order to solve this problem, Japanese Unexamined Patent 
Application, First Publication No. Hei 7-129946, discloses a 
method of providing a hard magnetic underlayer between 
the substrate and the soft magnetic underlayer in order to 
reduce the spike noise. Further, Japanese Patent Application 
No. Hei 10-214719 discloses a method of reducing the spike 
noise by using an Mn type antiferromagnetic material as the 



soft magnetic underlayer. Alternatively, Japanese Unexam- 
ined Patent Application, First Publication No. Hei 
11-149628 discloses a method of suppressing the generation 
of spike noise by forming a backing layer having a structure 
having no magnetic domain walls wherein magnetic 
domains are not formed. 

[0010] However, in the method disclosed in Japanese 
Unexamined Patent Application, First Publication No. 
7-129946, the thickness of the hard magnetic underlayer 
must be 100 nm or more, and forming a layer of this 
thickness requires a very long time, which is not practical in 
terms of productivity. Further, noise due to the hard mag- 
netic underlayer is detected by the magnetic head, giving 
rise to problems such as an unacceptable error rate. Further, 
in the method disclosed in Japanese Patent Apphcation No. 
10-214719, after forming the Mn type antiferromagnetic 
material into a film, it must be annealed in a magnetic field, 
and because it is necessary to add an annealing treatment, 
and because this annealing requires a long time, problems 
arise, such as reduced productivity. In the method disclosed 
in Japanese Unexamined Patent Application, First Publica- 
tion No. Hei 11-149628, there is the problem that as the film 
thickness of the backing layer is increased, the medium 
noise increases and the error rate increases. 

SUMMARY OF THE INVENTION 

[0011] The present invention was made in consideration of 
the above explained circumstances, and has as an objective 
the provision of a magnetic recording medium, a method for 
manufacturing the same, and a magnetic recording and 
reproducing device which prevents spike noise and reduces 
the error rate. 

[0012] In order to achieve the above objectives, the 
present invention is constituted as follows. 

[0013] The magnetic recording medium of the present 
invention comprises, in sequence, on a nonmagnetic sub- 
strate, at least one soft magnetic underlayer, an orientation 
control layer to control the orientation of the layer imme- 
diately above, and a perpendicidar magnetic layer having an 
axis of easy magnetization which is oriented mainly per- 
pendicularly to the nonmagnetic substrate, and said soft 
magnetic underlayer is formed with a muhilayer constitution 
having a plurality of soft magnetic layers comprising a soft 
magnetic material, and one or more separation layers inter- 
posed between said soft magnetic layers, and at least one of 
said soft magnetic layers comprises a material with a struc- 
ture having no magnetic domain waUs. 

[0014] According to this constitution, the formation of 
large magnetic domains on the surface of the soft magnetic 
underlayer can be prevented, and the error rate can be 
improved. 

[0015] In the magnetic recording medium of the present 
invention, the material with a structure having no magnetic 
domain walls can be selected from FeAlSi, FeTaN, FeTaC, 
FcC, FeAlSi type alloys, FeTaN type alloys, and FeTaC type 
alloys. 

[0016] In the magnetic recording medium of the present 
invention, the separation layer can comprise 50 at. % or^ 
more of one of, or two or more of the elements Ru, Rh, Re, 
Ir, and Cu. 
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[0017] In the magnetic recording naedium of the present 
invention, the product Bs t (T onn) of the saturation magnetic 
flux density per layer Bs (T) of the soft magnetic layer and 
the thickness of the soft magnetic layer t (am), is 3 T nm or 
more for each of the soft magnetic layers. 

[0018] In the magnetic recording medium of the present 
invention, the magnetic flux density of the soft magnetic 
layer is 0.4 T or more. 

[0019] In the magnetic recording medium of the present 
invention, the thickness of the soft magnetic underlayer is 40 
nm or more. 

[0020] In the magnetic recording medium of the present 
invention, the thickness of the separation layer is in the 
range from 0.1 nm to 5 nm. 

[0021] In the magnetic recording medium of the present 
invention, among the sets of upper and lower soft magnetic 
layers between which a separation layer is interposed, at 
least one set has different directions of magnetization for the 
upper and lower soft magnetic layers. 

[0022] In the magnetic recording medium of the present 
invention, at least one set of upper and lower soft magnetic 
layers between which a separation layer is interposed has 
directions of magnetization which are antiparallel. 

[0023] In the magnetic recording medium of the present 
invention, the lowest layer of the soft magnetic underlayer 
comprises a material of one selected from the group con- 
sisting of FeAlSi, FeTa^f, FeTaC, FeC, FeAlSi type alloys, 
FeTaN type alloys, and FeTaC type alloys. 

[0024] In the magnetic recording medium of the present 
invention, the top layer of the soft magnetic underlayer is a 
soft magnetic layer. 

[0025] In the magnetic recording medium of the present 
invention, a part of the surface or all of the surface of the soft 
magnetic underlayer nearest the perpendicular magnetic 
layer is oxidized. 

[0026] As a result of the above constitution, the magnetic 
underlayer can be optimized, and the generation of very 
large magnetic domains can be suppressed, and a magnetic 
recording medium having excellent recording and reproduc- 
ing characteristics can be obtained. 

[0027] The method for producing the magnetic recording 
medium of the present invention is a method for producing 
a magnetic recording medium by forming, on a nonmagnetic 
substrate, at least one soft magnetic underlayer, an orienta- 
tion control layer, a perpendicular magnetic layer having an 
axis of easy magnetization which is oriented mainly per- 
pendicularly to the substrate, with the soft magnetic layer 
having a multilayer structure having a plurality of soft 
magnetic layers comprising a soft magnetic material, and 
one or more separation layers interposed between said soft 
magnetic layers, and one of more of the soft magnetic layers 
comprises a material with a structure having no magnetic 
domain walls. 

[0028] As a result of this constitution, it is easy to produce 
a magnetic recording medium wherein the formation of very 
large magnetic domains can be prevented, and spike noise 
can be suppressed. 



[0029] In the method for producing a magnetic recording 
medium of the present invention, the material with a struc- 
ture having no magnetic domain walls comprises one 
selected from the group of FeAlSi, FeTaN, FeTaC, FeC, 
FeAlSi aUoys, FeTaN alloys, and FeTaC alloys. 

[0030] The method for producing a magnetic recording 
medium of the present invention also includes a treatment 
for oxidizing the surface of the soft magnetic underlayer. 

[0031] According to this constitution, a magnetic record- 
ing medium having excellent recording and reproducing 
characteristics can be easily produced. 

[0032] The magnetic recording and reproducing device of 
the present invention is provided with a magnetic recording 
medium having a least one nonmagnetic substrate, a soft 
magnetic underlayer, an orientation control layer to control 
the orientation of the layer immediately above it, and a 
perpendicular magnetic layer having an axis of easy mag- 
netization which is oriented mainly perpendicularly to the 
nonmagnetic substrate, and a magnetic head for carrying out 
recording and reproducing of the information to and from 
the magnetic recording medium, the soft magnetic under- 
layer of the magnetic recording medium being formed with 
a multilayer constitution having a plurality of soft magnetic 
layers comprising a soft magnetic material, and one or more 
separation layers interposed between the soft magnetic lay- 
ers. 

[0033] According to this constitution, it is possible to 
inhibit the generation of spike noise and suppress degrada- 
tion in the error rate during recording and reproducing, and 
therefore it is possible to obtain a magnetic recording and 
reproducing device which can recording and reproduce a 
high density of information. 

[0034] In the magnetic recording and reproducing device 
of the present invention, the material with a structure having 
no magnetic domain walls comprises one selected from the 
group consisting of FeAlSi, FeTaN, FeTaC, FeC. FeAlSi 
type alloys, FeTaN type alloys, and FeTaC type alloys. 

[0035] According to this constitution, the magnetic 
recording and reproducing device can have excellent mag- 
netic recording and reproducing characteristics, 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0036] FIG. 1 schematically shows a cross section of 
magnetic recording medium according to the first embodi- 
ment of the present invention. 

[0037] FIG. 2 is a side view of a typical magnetic pole 
head. 

[0038] FIGS. 3A and 3B are enlarged partial cross sec- 
tional views of the essential parts of the magnetic recording 
medium shown in FIG. 1, 

[0039] FIG. 4 schematically shows a cross section of a 
magnetic recording medium according to the second 
embodiment of the present invention. 

[0040] FIG. 5 schematically shows a cross section of a 
magnetic recording medium according to the second 
embodiment of the present invention. 

[0041] FIG. 6 schematically shows a cross section of a 
magnetic recording medium according to the third embodi- 
ment of the present invention. 
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[0042] FIG. 7 is a cross sectional view showing an 
example of the constitution of the magnetic recording and 
reproducing device of the present invention. 

DESCRIPTION OF THE EMBODIMENTS 

[0043] The embodiments of the present invention will be 
explained below with reference to the Figures. 

[0044] First Embodiment 

[0045] FIG. 1 schematically shows a cross sectional view 
of the constitution of the magnetic recording medium 
according to the first embodiment of the present invention. 
As shown in FIG. 1, the magnetic recording medium 
according to this embodiment is provided with, on a non- 
magnetic substrate 1, a soft magnetic underlayer 2 formed 
on the nonmagnetic substrate 1, an orientatio n control layer 
_^3,jL_ perpendicular magnetic layer 4, a protective layer 5 and 
a lubricatmg layer 6. ' 

[0046] As the substrate 1, in addition to the aluminum 
alloy substrate having a plated layer of NiP commonly used 
for substrates for magnetic recording media, it is possible to 
use glass substrates (crystallized glass, tempered glass and 
the like), ceramic substrates, carbon substrates, silicon sub- 
strates, silicon carbide substrates and the like, and alterna- 
tively, it is possible to use such substrates having formed 
thereon a layer of NiP formed by plating or sputtering 
methods, or the like. 

[0047] The soft magnetic underlayer 2 is provided to more 
strongly fix the orientation of the magnetization of the 
perpendicular magnetic layer 4, which records the informa- 
tion, in a direction perpendicular to the substrate 1. This 
effect is particularly noteworthy when the magnetic head 
used for recording and reproducing is a single magnetic pole 
head for perpendicular recording. FIG. 2 shows the typical 
constitution of a single pole magnetic head. This single pole 
magnetic head 10, as shown in FIG. 2 with a simplified 
constitution, is constituted by a magnetic pole 11 and a coil 
12. The magnetic pole 11, when viewed from the side, 
resembles an inverted letter "U", with the thinner side 
forming the magnetic recording and reproducing portion 
which is the main pole 13, and the other side being the 
auxiUary pole 14. The main magnetic pole 13, when record- 
ing, generates a magnetic field which is applied to the 
perpendicular magnetic layer of the magnetic recording 
medium, and when reproducing, detects the magnetic flux 
from the perpendicular magnetic layer. 

[0048] Using the above single pole magnetic head 10, 
when recording to the magnetic medium shown in FIG. 1, 
magnetic flux generated by the tip of the main magnetic pole 
13 magnetizes the perpendicular magnetic layer 4 of the 
magnetic recording medium in a direction perpendicular to 
the substrate 1. Because this magnetic recording medium 
shown in FIG. 1 is provided with the soft magnetic under- 
layer 2, the magnetic flux firom the main pole 13 of the single 
magnetic pole head 10 passes through the perpendicular 
magnetic layer 4 and the soft magnetic imderlayer 2 and is 
guided to the auxiliary magnetic pole 14, forming a closed 
magnetic path. By forming a closed magnetic path between 
the single magnetic pole head 10 and the magnetic recording 
medium in this way, the efficiency of the application or the 
detection of the magnetic flux is increased, and high density 
recording and reproducing is possible. While the magnetic 



flux between the soft magnetic underlayer 2 and the auxil- 
iary magnetic pole 14 is opposite in direction to the flux 
between the main magnetic pole 13 and the soft magnetic 
underlayer 2, because the surface area of the auxiliary 
magnetic pole 14 is sufficiently larger than that of the main 
magnetic pole 13, the magnetic flux density from the aux- 
iliary magnetic pole 14 is sufficiently small that the mag- 
netization of the perpendicular magnetic layer 4 is not 
affected by this magnetic flux from the auxiliary pole 14. 

[0049] The soft magnetic underlayer 2 of the present 
embodiment, as shown in FIG. 1, has a multilayer structure 
comprising the soft magnetic layers 21A and 21B, and the 
separation layer 22 interposed between these soft magnetic 
layers 21 A and 21B, and the soft magnetic layer 21 A 
comprises a material with a stmcture having no magnetic 
domain walls. Although in the present embodiment, only the 
soft magnetic layer 21A comprises a material with a stmc- 
ture having no magnetic domain waUs, it is, of course, also 
possible to use a constitution wherein only the soft magnetic 
layer 21B, or both of the soft magnetic layers 21A and 21B 
comprise a material with a stmcture having no magnetic 
domain walls. 

[0050] As the material with a structure having no magnetic 
domain walls, FeAlSi, FeTaN, FeTaC, FeC, FeAlSi aUoys, 
FeTaN alloys, FeTaC alloys, or materials wherein these 
alloys are the main components, can be mentioned. For 
example, it is possible to use a material in which Co, Ni, Ru, 
Si, N, 0, B, C, or Hf is added to one of the above alloys in 
an amount of 10 at. % or less (preferably 7 at. % or less, 
more preferably 5 at. % or less). 

[0051] As the material constituting the soft magnetic layer 
21B, it is possible to use Fe alloys comprising 60 atomic % 
or more of Fe. More specifically, although there are no 
specific limitations, the following can be mentioned: FeCo ^ 
PC alloys ( FeCo and FeCo V, and the like), F eNi type alloys 
eNi, FeNiAid,"peNiCr and FeNiSi, and the like), FeAl 
type alloys (FeAl, FeAlSi, FeAlSi, FeAlSiCr and FeAl- 
SiTiRu, and the like), FeCr type alloys (FeCr, FeCrTi, and 
FeCrCu, and the like), FeTa type alloys (FeTa and FeTaC, 
and the like), FeC type alloys, FeN type alloys, FeSi type 
alloys, FeP type alloys, FeNb type alloys, FeHf type aUoys, 
and the like. 

[0052] Further, as the soft magnetic layer 21B, it is pos- 
sible to use a film having microcrystal structure such as 
FeAlO, FeMgO, FeTaN, FeZrN, or a film having a granular 
constitution wherein microscopic crystal grains are dis- 
persed in a matrix. 

[0053] In the soft magnetic layer 21B, it is possible to use 
a Co alloy comprising 80 atomic % or more of Co, and at 
least one or more of Zr, Nb, Ta, Cr, Mo or the like. As 
preferable examples, CoZr, CoZrNb, CoZrTa, CoZrCr and 
CoZrMo can be mentioned. Further, the soft magnetic layer 
21 can also have an amorphous constitution. 

[0054] It is preferable for the soft magnetic layers 21A and 
2 IB to have a saturation magnetic flux density of 0.4 T or 
more. This is because, if the saturation magnetic flux density 
is less than 0.4 T, it is not possible to achieve sufficiently 
effective control of the reproduced waveform. Further, it is 
preferable for the coercive force of the soft magnetic under- 
layer 2 to be as small as possible, and in practice, it is 
sufficient if it is below 200 (Oe) (15.8x10^ A/m), and it is 
preferably 50 (Oe) or less. 
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/"J [0055] The thickness of each of the soft magnetic layers 
/ 21A and 21B is selected as the optimum thickness in view 
of the saturation magnetic flux density of the materials 
constituting each of these soft magnetic layers 21Aand 21B. 
More specifically, the product Bs t (T nm) of the saturation 
magnetic flux density Bs (T) of the material comprising the 
soft magnetic layers 21A and 21B, and the layer thickness t 
(nm) is preferably 3 (T-nm) or more (more preferably from 
10 (T nm) to 130 (T*nm), and more preferably from 15 
(Tnm) to 100 (T nm)). Further, if Bs t is 40 fl^-nm), if the 
soft magnetic material used has a saturation magnetic flux 
density of 1 (T), the thickness of each of the soft magnetic 
layers 21 can be 40 (nm). 

[0056] If the thickness of the layers 21A and 21B exceeds 
the upper limits of the above range, the diamagnetic field of 
the soft magnetic layers 21A and 21B becomes large, and 
this is not preferable because magnetic domains can form at 
the inner edge or the peripheral edge of the substrate. 
Furthermore, if the thickness is smaller than the lower limits 
of the above range, the function as a backing layer is lost, 
and it there is the possibility that the efficiency of the 
application or detection of the magnetic flux between the 
layer and the magnetic head will be reduced, and the 
recording to the perpendicular magnetic layer 4 will be 
insufficient. 

[0057] The separation layer 22 is provided to prevent the 
formation of very large magnetic domains due to interaction 
between the soft magnetic layers 21 A and 2 IB between 
which the separation layer 22 is interposed, and to which it 
is laminated. As the materials which can be used for the 
separation layer 22, it is possible to use antiferromagnetic 
materials which, together with the soft magnetic layers 21A 
and 21B, can form a bonded antiferromagnetic structure. 
More specifically, as the materials, Ru, Rh, Re, Ir and Cu and 
the Iflce can be mentioned. 

[0058] Further, in addition to the above, it is possible to 
use a soft magnetic material which differs from the material 
constituting the soft magnetic layers 21A and 21B, and this 
constitution makes it possible to prevent the formation of 
very large magnetic domains in the soft magnetic layers 21A 
and 21B. More specifically, it is possible to use any of the 
materials listed above for the soft magnetic layers 21A and 
2 IB, and to select the most appropriate material according 
to the materials used for the soft magnetic layers 21A an^^ 
2 IB. For example, if FeAlSi is used for the soft magnetic 
layer 21A, and FeB is used for the soft magnetic layer 21B, 
then the separation layer 22 can be formed of CoZrNbN, 

[0059] The thickness of the separation layer 22 is most 
appropriately chosen depending on the material constituting 
the separation layer 22, and is preferably in the range from 
0.1 nm to 5 nm (more preferably from 0,1 nm to 2 nm). If 
the thickness exceeds this range, problems can occurs, such 
as the formation of very large magnetic domains in the soft 
magnetic layers 21A and 21B which can give rise to spike 
noise at the time of reproducing, or a decrease in the 
resolution, and high density recording wiU be difficult. 

[0060] In particular, a material forming the above bonded 
antiferromagnetic structure is used as the separation layer 
22, its thickness is limited by the material used. For 
example, if Ru is used for the separation layer 22, its 
thickness is 0.4 or 0.8 nm. ITiis is because an antiferromag- 
netic material such as Ru can only form a bonded antifer- 



romagnetic structure when each of the materials has a 
characteristic thickness, and for other layer thicknesses, a 
bonded antiferromagnetic structure is not formed, or suffi- 
cient effects cannot be obtained. 

[0061] Further, between the above soft magnetic under- 
layer 2 and the substrate 1, it is possible to provide a hard 
magnetic layer comprising a hard magnetic material having 
an in -plane magnetic anisotropy. When this constitution is 
used, the soft magnetic underlayer 2 has a laminated struc- 
ture, and it will have a bonded antiferromagnetic structure, 
and it is possible to more effectively suppress the formation 
of very large magnetic domains in the soft magnetic under- 
layer. 

[0062] As a result, it is possible to prevent the generation 
of spike noise due to magnetic domain walls, and the error 
rate during recording and reproducing can be sufficiently 
reduced, and it is possible to make a magnetic recording 
medium having a high recording density. 

[0063] As the material which can be used for the above 
hard magnetic layer, it is preferable to use magnetic mate- 
rials comprising alloys of transition metals and rare earth 
elements, and more specifically, although there are no par- 
ticular limitations, CoSm type alloys and CoCr type alloys 
can be mentioned. Further, in order to prevent the soft 
magnetic layer 21 which is a constituent of the soft magnetic 
underlayer 2 from forming magnetic domain walls in the 
radial direction of die substrate, the lowest layer forming the 
soft magnetic underlayer 2 and the hard magnetic material 
are strongly bonded to each other, and to be radiaUy mag- 
netized, oriented either towards the periphery or towards the 
center of the substrate. In this way, the magnetic permeabil- 
ity in the travel direction of the head is improved, and 
therefore, the recording characteristics can be improved. 
[0064] The orientation control layer 3 is provided to 
control the oricuTalion and the pirhcle diameter of the below 
described perpendicular magnetic layer 4, and it is possible 
to use a material having an hep structure, or an fee material, 
or have a laminate structure of a layer having a B2 structure 
and a layer having an hep structure or an fee structure, or a 
material having an amorphous structure. More specifically, 
while there are no particular limitations, as a material having 
a B2 structure, NiAl, FeAl, CoFe, Co2j-, NiTi, AlCo and the 
Like can be mentioned. Further, as a, material having an hep 
structure. Ti^^Zf^Y. Zn, Ru, Re, fit and the like can be" 
mentioned. As a material having a fee structure, Ni, Pd, Pt, 
Al, Cu, Ag, Ir and the like can be mentioned. Alternatively, 
it is possible to add another element to the above materials 
(one or two or more of the elements selected from the group 
consisting of Cr, Mo, Si, Mn, W, Nb, Ti, Zr, B, C, N and O) 
to the extent that the structure of the material is not changed. 
[0065] Further, as the material having an amorphous struc- 
ture, C, Si, Co and the like, and their alloys, can be 
mentioned. 

[0066] In the magnetic recording medium of the present 
invention, as a result of providing the above orientation 
control layer 3 between the soft magnetic imderlayer 2 and 
the perpendicular magnetic layer 4, it is possible to refine the 
crystal grains which form the perpendicular magnetic layer 
4 and realize an improvement in their perpendicular orien- 
tation. As a result, the magnetic recording medixun of the 
present invention has excellent noise characteristics, and has 
high output characteristics appropriate for high density 
recording. 
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[0067] If the orientation control layer 3 is too thick, the 
resolution decreases, so it is preferably 50 nm or less (more 
preferably 30 nm or less). If the thickness of the layer 
exceeds the above range, during recording and reproducing, 
the distance between the magnetic head and the soft mag- 
netic imderlayer 2 becomes large, and the resolution of the 
reproduced signal decreases, which is not preferable because 
it degrades the recording and reproducing characteristics. 
Further, there is no limitation to how thin the layer can be 
made, provided that the material can maintain its structure, 
but practically speaking, the layer thickness is preferably 1 
nm or more. 

[0068] For the perpendicular magnetic layer 4, it is pref- 
erable to use a Co alloy. For example, CoCrPt alloys and 
CoPt alloys can be used, or it is possible to add at least one, 
or two or more elements selected from the group consisting 
of Ta, Zr, Nb, Cu, Re, Ru, V, Ni, Mn, Ge, Si, B, 0, and N, 
and the like, to these alloys. 

[0069] Further, the perpendicular magnetic layer can have 
a laminate structure of Co or Co alloys, and Pt or Pd. For this 
Co alloy, the above CoCrPt type alloys or CoPt type alloys 
can be used. In particular, in order to increase the perpen- 
dicular magnetic anisotropy, it is preferable to use a CoCrPt 
type alloy including 8-24 at. % of Pt. 

[0070] Although the above-mentioned Co type alloys and 
the perpendicular magnetic layer having a laminated struc- 
ture are all constituted as multicrystalline films, in the 
recording medium of the present invention, it is possible to 
use a perpendicular magnetic layer having a noncrystalline 
structure. More specifically, while there are no particular 
hmitations, it is possible to use alloys including rare earth 
elements such as TeFeCo type alloys or the like. 
[0071] If the perpendicular magnetic layer 4 has a muhi- 
layer structure comprising a transition metal (Co or a Co 
alloy) and a precious metal element (Pt, Pd or the like), it is 
preferable for the thickness of the precious metal layer to be 
in the range of from 0.4 nm to 1.4 nm. This is because, if the 
layer thickness is less than 0.4 nm, as the coercive force (He) 
and the nucleation field[?] (Hn) are reduced, it also becomes 
difScult to control the layer thickness, and if it is larger than 
1.4 nm, the noise characteristics become inferior. If the 
thickness of the layer comprising the transition metal and the 
layer comprising the precious metal are the same, then the 
layer thickness is preferably in the range from 0.1 nm to 0.6 
nm, and more preferably from 0.1 nm to 0.4 nm. While there 
is no particular preference for which of the transition metal 
layer or the precious metal layer is the top layer of the 
perpendicular magnetic layer 4, it is preferable for the 
lowermost layer to be a precious metal layer. 

[0072] Further, the thickness of the perpendicular mag- 
netic layer 4 can be appropriately optimized in view of the 
desired reproduced output, and when the above Co alloy is 
used, if any of the layers used in a multilayer structure 
magnetic layer is too thick, then problems such as a degra- 
dation of the noise characteristics, and a reduction of the 
resolution will occur, and in practice, a thickness on the 
order of 3 nm to 100 nm is preferable. 
[0073] It is pos sible to provide a nonmagnetic intermedi- 
ate layer comprisednjf uuniua^netic elements between the , 
orientation control l ayer 3 an d the perpend i cular magnetic 
layer 4. If tms consiuution is used, it is possible to improve 
the orientability and the coercive force of the perpendicular 
magnetic layer 4. 



[0074] For this nonmagnetic intennediate layer, while 
there are no particular limitations, it is possible to use a 
nonmagnetic CoCr alloy, or a CoCr alloy to which one, two 
or more elements selected from the group consisting of Ta, 
Zr, Nb, Pt, Cu, Re, Ru, Ni, Mn, Ge, Si, O, N and B is added. 
It is also possible to use for the nonmagnetic intermediate 
layer a nonmagnetic alloy of Co and one, two or more of the 
elements selected from the group consisting of Ta, Zr, Nb, 
Pt, Cu, Re, Ru, Ni, Mn, Ge, Si, 0, N, and B. 

[0075] If this nonmagnetic intermediate layer is too thick, 
because the distance between the perpendicular magnetic 
layer 4 and the soft magnetic underlayer 2 becomes large, 
the resolution is reduced, and the noise characteristics are 
degraded, and therefore it is preferable for the layer thick- 
ness to be 20 nm or less, more preferably 10 nm or less. 

[0076] The protective layer 5, in addition to preventing 
corrosion of the perpendicular magnetic layer 4, prevents 
damage to the surface of the medium when the head comes 
into contact with the medium, and ensures lubrication 
between the head and the medium, and therefore, it is 
possible to use well-known materials, for example, it can 
have, as a single component, C, SiO^ or ZrOj, or it can use 
these as the main component and include other elements. 
The thickness of the protective layer 5 is desirably within a 
range from 1 nm to 10 nm. 

[0077] For the lubrication layer 6, well-known lubricating 
agents such as perfluoropolyether, fluorinated alcohols, or 
fluorinated carboxylic acids can be used. The type and 
thickness of the layer are appropriately optimized in con- 
sideration of the protective layer and the lubricating agent. 

[0078] A characteristic point of the magnetic recording 
medium constituted according to the above embodiment is 
the point that the soft magnetic underlayer 2, as shown in 
FIG. 1, is constituted of a multilayer structure, and the soft 
magnetic layer 21A which is included in the soft magnetic 
underlayer 2 is constituted of a material with a structure 
having no magnetic domain walls. As a result of this 
structure, the soft magnetic layer 21 A, which is a constituent 
of the soft magnetic underlayer 2, has no magnetic domain 
walls, and as a result, it is possible to prevent the formation 
of large magnetic domains directed along the surface plane 
of the substrate of the inner part of the soft magnetic layer 
21B. Accordingly, it is possible to prevent spike noise which 
is generated by magnetic domain walls, and therefore, the 
recording and reproducing enor rate can be made suffi- 
ciently low. This effect will be explained below with refer- 
ence to FIG. 3. FIG. 3A is a partial cross-sectional view for 
the case of using a material forming a bonded antiferromag- 
netic structure as the separation layer, and FIG. 3B is a 
partial cross sectional view of the structure for the case of 
using a soft magnetic material as the separation layer. 

[0079] First, the case of using a material forming a bonded 
antiferromagnetic structure as the separation layer 22^ will 
be explained. As shown in the partial cross sectional struc- 
tural view of FIG. 3A, the soft magnetic layer 21a com- 
prising a material with a structure having no magnetic 
domain walls placed below the separation layer 22a 
(towards the substrate 1) has a structure having no magnetic 
domain walls, and this soft magnetic layer 21a and the soft 
magnetic layer 21b above (towards the perpendicular mag- 
netic layer), which sandwich the separation layer 22, have 
magnetizations in opposite directions to each other within 
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their planes. As a result, the magnetizations of the soft 
magnetic layer 21a and the soft magnetic layer 21b are fixed 
in opposite directions, and therefore the formation of large 
magnetic domains is prevented. Further, in the magnetic 
recording medium of the present embodiment, a layer com- 
prising a material with a structure having no magnetic 
domain walls (the soft magnetic layer 21a) is further pro- 
vided, and the generation of large magnetic domains can be 
more effectively suppressed. In particular, it is very effective 
at preventing the generation of magnetic domains in regions 
where the magnetic energy of the magnetic domains is 
unstable, such as the outer edge or the inner edge of the 
substrate. 

[0080] Further, as a result of the magnetizations of the soft 
magnetic layer 21a and the soft magnetic layer 21b being in 
opposite directions to each other, the magnetizations of the 
soft magnetic layers 21a and 21b cancel each other and are 
not detected by the magnetic head. In other words, the noise 
arising from the magnetization of the soft magnetic layers 
21a and 21b is not detected by the magnetic head, and 
therefore, the recording and reproducing characteristics of 
the magnetic recording medium are improved. Especially, it 
is preferable for the magnetization of the soft magnRtir_ 
layers to be in the radial direction of the substrate^, or 

"oriented towards the periphery or towards the center of the 
substrate. I n this way, the magnetic permeability in the travel 

. Section of the head is improved._and the recording and 
reproducing characteristics can jm proved. 

[0081] Next, the case of using the material of the soft 
magnetic layer a the separation layer 22b will be explained. 
As shown in the partial cross sectional structural view in 
FIG. 3B, the soft magnetic layer 21c comprising a material 
with a structure having no magnetic domain walls placed 
below the separation layer 22b (towards the substrate 1) has 
a structure having no magnetic domain walls, and this soft 
magnetic layer 21c and the soft magnetic layer 21d on the 
upper side (towards the perpendicular magnetic layer), 
which sandwich the separation layer 226, have magnetiza- 
tions which are not fixed in opposite directions to each other, 
unlike the above case of using an antiferromagnetic material 
for the separation layer. However, because the separation 
layer 22b and the soft magnetic layer 21c and the soft 
magnetic layer 21d are constituted of different materials, the 
magnetic interaction between the soft magnetic layer 21c 
and the soft magnetic layer 21d is disrupted by the separa- 
tion layer 22b. As a result, the soft magnetic layer 21c and 
the soft magnetic layer 21d together prevent the formation of 
large magnetic domains, and therefore the generation of 
spike noise from the magnetic domain walls of the bound- 
aries of the magnetic domains can be prevented. 

[0082] Especially, if a material such as FeAlSi, FeTaN or 
FeTaC or the like, which does not form magnetic domains, 
is used as the separation layer 226, it is possible to obtain 
particularly excellent effects in inhibiting the formation of 
magnetic domains in the soft magnetic layers 21c and 21d. 

[0083] In the soft magnetic underlayer constituted by 
forming the bonded antiferromagnetic structure shown in 
FIG. 3A, the film thicknesses of the soft magnetic layers 21a 
and 21b shown in FIG. 3A do not necessarily have to be the 
same. Namely, the soft magnetic layer 21fl in the lower part 
of the figure (towards the substrate 1) can be made thinner 
(or thicker) than the soft magnetic layer 216 in the upper part 



of the figure (towards the orientation control layer 3). For 
example, if the same material is used for the soft magnetic 
layer 21a and the soft magnetic layer 216, it is preferable for 
the soft magnetic layer 21fl to be thinner than the soft 
magnetic layer 216. This is done in order to make, for the 
soft magnetic layers 21a and 216 which face each other 
across the separation layer 22a, the depth of a bonded 
antiferromagnetic structure from the separation layer 22a, 
different for the soft magnetic layers 21a and 216. More 
specifically, the depth from the separation layer 22a of the 
bonded antiferromagnetic structure formed in the soft mag- 
netic layer 21a is less deep than the depth from the separa- 
tion layer 22a of the bonded antiferromagnetic structure in 
the soft magnetic layer 216 above the separation layer 22a. 

[0084] The above constitutions are provided with soft 
magnetic layers (the soft magnetic layers 21a and 21c) using 
a material with a structure having no magnetic domain walls 
towards the substrate 1, but the same effects can be obtained 
if the soft magnetic layer comprising a material with a 
structure having no magnetic domain walls is provided 
towards the orientation control layer 3. 

[0085] The upper surface of the above soft magnetic 
underlayer 2 (the surface towards the orientation control 
layer 3) is preferably constituted of a partially oxidized or 
fiilly oxidized material forming the soft magnetic under- 
layer. That is, it is preferable for the material (for example, 
FeTaC or CoZr or the like) constituting the soft magnetic 
underlayer 2 (in FIG. 1, the surface towards the orientation 
control layer 3) and its vicinity to be partially oxidized at the 
surface of the soft magnetic underlayer 2 or in the vicinity 
thereof. By using this constitution, it is possible to refine the 
crystal grains of the orientation control layer formed on top 
of the soft magnetic underlayer 2 and to obtain improved 
effects of the recording and reproducing characteristics. 

[0086] Further, if the uppermost layer of the soft magnetic 
underlayer 2 is constituted of a soft magnetic material, it is 
possible to inhibit magnetic fluctuations in the surface of the 
soft magnetic material by oxidizing the surface of the layer, 
and therefore, the noise which arises from these fluctuations 
is reduced and the recording and reproducing characteristics 
of the magnetic recording medium can be improved. 

[0087] The oxidized portion of the surface of the soft 
magnetic underlayer 2 can be formed, for example, by the 
method of exposure to an oxygen-containing atmosphere 
after the formation of the soft magnetic underlayer 2, or by 
the method of introducing oxygen into the process gas at the 
time of forming the portion of the layer near the surface of 
the soft magnetic underlayer 2. More specifically, in the case 
of exposing the surface of the soft magnetic underlayer 2 to 
oxygen, the surface can be maintained in a gaseous atmo- 
sphere of elemental oxygen or oxygen diluted in a noble gas 
such as argon for on the order of 1-20 seconds. Particularly 
in the case of using oxygen diluted in a noble gas such as 
argon, it is easy to adjust the extent of oxidation of the 
surface of the soft magnetic underlayer 2, and therefore, 
stable manufacturing can be carried out. Further, in the case 
of introducing oxygen into the process gas for layer forma- 
tion of the soft magnetic underlayer 2, for example when 
using the sputtering method for layer formation, sputtering 
can be carried out while introducing oxygen into the process 
gas during only a part of the time over which the sputtering 
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is carried out. As the process gas, it is preferable to use, for 
example, oxygen mixed into argon gas in a volume ratio on 
the order of 0.05 to 10%. 

[0088] Second Embodiment 

[0089] A soft magnetic underlayer 2 comprising two soft 
magnetic layers 21 and one separation layer 22 was 
explained above, but it is also possible to use a constitution 
wherein the soft magnetic underlayer 2 comprises n layers (n 
is 3 or more) of the soft magnetic layers 21, of which one or 
more layers comprise a material with a structure having no 
magnetic domain walls, with (n-1) separation layers 22 
being interposed between this plurahty of soft magnetic 
layers 21. This structure will be explained in detail below 
with reference to FIGS. 4 and 5. 

[0090] FIG. 4 schematically shows a partial cross sec- 
tional structural view of an example of the magnetic record- 
ing medium of the second embodiment of the present 
invention. The magnetic recording medium shown in this 
figiire differs from the recording medium of the first embodi- 
ment shown in FIG, 1 in the point that the soft magnetic 
underlayer 2 is constituted of three layers of the soft mag- 
netic layers 21, and two layers of the separation layers 22 
interposed between these soft magnetic layers 21. The 
constitutional elements shown in FIG. 4 which are the same 
as the constitutional elements of FIG. 1 have the same 
reference numbers as in FIG. 1, and explanations thereof are 
omitted. 

[0091] As shown in FIG. 4, in the magnetic recording 
medium of the present embodiment, a soft magnetic under- 
layer 2 is formed by laminating, in sequence, from the 
substrate 1, a soft magnetic layer 21, a separation layer 22, 
a soft magnetic layer 21a, a separation layer 22, and a soft 
magnetic layer 21. This soft magnetic underlayer 2 com- 
prises at least one material with a structure having no 
magnetic domain walls. By means of this constitution, for 
example, if the separation layer 22 is a layer comprising the 
above antiferromagnetic material, the soft magnetic layers 

21 and 21a which face each other across the separation layer 

22 can be made to have magnetization directions which are 
opposite to each other within the plane of the substrate 1. 
Accordingly, the magnetizations of the two soft magnetic 
layers 21 and 21a which face each other across the separa- 
tion layer 22 cancel each other, and it is possible to reduce 
the medium noise arising from the soft magnetic layers 21 
and 21a. Especially, it is preferable for the magnetization of 
the soft magnetic layer to be in a radial direction, oriented 
towards the periphery of the substrate or oriented towards 
the center of the substrate. In this way, the magnetic per- 
meability in the travel direction of the head is improved, and 
therefore, the recording and reproducing characteristics are 
improved, 

[0092] Further, the separation layer 22 can be constituted 
using a soft magnetic material, in the same way as in the 
above first embodiment. The soft magnetic materials that 
can be used for the separation layer 22 are as described 
above, and can be used with no problem provided that they 
differ from the materials of the soft magnetic layers 21,21a. 

[0093] As in the case shown in FIG. 4, the soft magnetic 
underlayer 2 includes a soft magnetic layer comprising a 
material with a structure having no magnetic domain walls, 
the soft magnetic layers 21 and 21a facing each other across 



the separation layer 22 can together very effectively prevent 
the formation of large magnetic domains. As a result, it is 
possible to prevent an increase in the error rate due to spike 
noise at the time of recording and reproducing. 

[0094] Furthermore, the soft magnetic underlayer 2, as 
shown in the partial cross sectional structural view of FIG. 
5, can have a structure wherein a plurality of soft magnetic 
layers 21, and separation layers formed between these soft 
magnetic layers, are laminated together. In this case also, 
one or more of the soft magnetic layers 21 comprises a 
material with a structure having no magnetic domain walls. 

[0095] As a result of this constitution, by means of the 
bonded antiferromagnetic structure formed xising the sepa- 
ration layer 22, the magnetization in the soft magnetic layer 

21 can be more strongly directed in a direction in the plane 
of the substrate. As a result, in the soft magnetic underlayer 
shown in FIG. 5, it is possible to make the soft magnetic 
layer 21 thinner than in the soft magnetic underlayer 2 
shown in FIG. 4, and therefore, the thickness of the soft 
magnetic layer 21 which forms a bonded antiferromagnetic 
stmcture using the separation layer 22 can be reduced. As a 
result, the effect of fixing the magnetization of the soft 
magnetic layer 21 by the separation layer 22 does not 
become weakened as the distance firom the separation layer 

22 increases. 

[0096] Furthermore, because the magnetizations of the 
soft magnetic layers 21 facing each other across the sepa- 
ration layer 22 in the embodiment of the magnetic recording 
medium shown in FIG. 5 cancel each other, it is of course 
also possible to obtain the effect of reduced medium noise. 
Especially, it is preferable for the magnetizations of the soft 
magnetic layers to be directed along the radius of the 
substrate, oriented towards the periphery of the substrate or 
towards the center of the substrate. As a result, the magnetic 
permeability in the direction of head travel is improved, and 
the recording and reproducing characteristics are improved. 

[0097] Further, in the soft magnetic underlayer 2 having 
the constitution shown in FIG. 4 or FIG. 5, in the same way 
as in the above first embodiment, the thickness of the soft 
magnetic layer is preferably in a range wherein the product 
Bs t (T nm) of the saturation magnetic flux density Bs (T) 
and the layer thickness t (nm) of the soft magnetic material 
21 is 3 (T nm) or more. Moreover, if the product Bs t is 40 
(T nm), if a soft magnetic material having a saturation 
magnetic flux density of 1 (T) is used, then the thickness of 
each of the soft magnetic layers 21 can be 40 (nm). The 
reason for the above range being preferable is as explained 
above. 

[0098] Further, in the same way as for the above first 
embodiment, the most appropriate layer thickness is selected 
according to the material constituting the separation layer 
22. 

[0099] In the magnetic recording medium of the present 
embodiment, also, as shown in FIG. 4 and FIG. 5, the 
uppermost layer of the soft magnetic underlayer 2 can be 
either a soft magnetic layer 21 or an separation layer 22. 
However, in the case that an antiferromagnetic material is 
used as the separation layer 22, it is preferable for the 
uppermost layer of the laminate of the soft magnetic under- 
layer 2 to be a soft magnetic layer 21, in order to obtain the 
largest effect of noise reduction by cancellation of the 
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magnetizations of the soft magnetic layers facing each other 
across the separation layer 22. 

[0100] Furthermore, in the magnetic recording medium of 
the present embodiment, it is also possible to for a part or all 
of the upper surface of the soft magnetic underlayer 2 to 
have an oxidized constitution. If such a constitution is used, 
it is possible to refine the crystal grains of the orientation 
control layer 3 formed on top of the soft magnetic underlayer 
2 and reduce the medium noise. Especially, in the case that 
a soft magnetic layer 21 is provided as the uppermost layer 
of the soft magnetic underlayer 2, it is possible to inhibit 
magnetic fluctuations in the surface of the soft magnetic 
layer, and therefore, it is possible to reduce the noise arising 
from these fluctuations. 

[0101] lliird Embodiment 

[0102] The third embodiment of the present invention will 
be explained below with reference to the figures. FIG. 6 is 
a cross sectional view schematically showing the structure 
of the magnetic recording medium of the third embodiment 
of the present invention. The embodiment of the magnetic 
recording medium of the present invention shown in FIG. 6 
differs from the embodiment of the magnetic recording 
medium shown in FIG. 1 in the point that a magnetization 
stabilizing layer 7 comprising a soft magnetic material is 
provided between the perpendicular magnetic layer 4 and 
the protective layer 5. In FIG. 6, the constituent elements 
which are the same as those in FIG. 1 are indicated by the 
same reference numerals, and explanations thereof are omit- 
ted. 

[0103] The magnetization stabilizing layer 7 is a layer 
comprising a soft magnetic material formed on the perpen- 
dicular magnetic layer 4 or on the separation layer 
(explained below) formed on the perpendicular magnetic 
layer 4. As the material constituting the magnetization 
stabilizing layer 7, it is possible to use an alloy comprising 
60 at. % Fe or more. More specifically, while there are no 
particular limitations, FeCo type alloys (FeCo, FeCoV and 
the like), FeNi type alloys (FeNi, FeNiMo, FeNiCr, FeNiSi 
and the like), FeAl type alloys (FeAl, FeAlSi, FeAlSiCr, 
FeAlSiTiRu, and the like), FeCr type alloys (FeCr, FeCrTi, 
FeCrCu and the like), FeTa type alloys (FeTa, FeTaC and the 
like), FeC type alloys, FeN type alloys, FeSi type alloys, FeP 
type alloys, FeNb type alloys, FeHf type alloys and the like 
can be mentioned. 

[0104] Further, as the material constituting the magneti- 
zation stabilizing layer, a layer having a microcrystal struc- 
ture such as FeAlO, FeMgO, FeTaN, FeZrN and the Hke, or 
a granular constitution where microscopic crystal grains are 
dispersed in a matrix. 

[0105] Alternatively, in addition to the above, the magne- 
tization stabilizing layer 7 can also comprise a Co alloy 
comprising 80 at. % of Co or more, and at least one of Zr, 
Nb, Ta, Cr, Mo and the like. For example, CoZr, CoZrNb, 
CoZrTa, CoZrCr, CoZrMo and the like can be mentioned as 
preferable examples. The magnetization stabilizing layer 7 
can also be a material having an amorphous structure. 

[0106] It is preferable for the saturation magnetic flux 
density of the magnetization stabilizing layer 7 to be 0.4 T 
or more. This is because, if the saturation magnetic flux 
density is less than 0.4 T, in order to inhibit fluctuations in 
the magnetic flux of the surface of the perpendicular mag- 
netic layer 4, an excessively large layer thickness would be 
required. Further, it is preferable for the coercive force of the 



magnetization stabilizing layer 7 to be as smaU as possible, 
but in practice, it is acceptable if it is 200 (Oe) (15.8x10^ 
A/m) or less. 

[0107] The thickness of the magnetization stabilizing 
layer 7 is determined according to the saturation magnetic 
flux density of the material constituting the magnetization 
stabilizing layer 7. More specifically, the product Bs t 
(T nm) of the saturation magnetic flux density Bs (T) and the 
material comprising the magnetization stabilizing layer 7, 
and the layer thickness t (nm) is preferably in the range of 
from 0.5 (T nm) to 7.2 (Turn), and more preferably from 0.5 
(T nm) to 3.6 (T nm) or less. Further, if Bs t is 2 (T nm), if 
the soft magnetic material used has a saturation magnetic 
flux density of 1 (1^, the thickness of the magnetization 
stabilizing layer 7 can be 2 (nm). 

[0108] The magnetization stabilizing layer 7 is formed 
directly below the protective layer 5, and therefore, its 
surface roughness (Ra) affects the amount of flotation of the 
head. Accordingly, for the head flotation height required for 
high density recording, it is preferable for the surface 
roughness (Ra) to be less than 2 nm. 

[0109] The surface of the magnetization stabilizing layer 7 
(the surface towards the protective layer 5 in the drawing) 
can have a constitution which is partially or completely 
oxidized. Namely, the material constituting the surface of 
the magnetization stabilizing layer 7 at the surface or in the 
vicinity of the surface is partially oxidized, or is constituted 
to form an oxide of the material. As a result of this 
constitution, it is possible to reduce the fluctuations in the 
magnetization in the vicinity of the interface between the 
magnetization stabilizing layer 7 and the protective layer 5, 
and therefore, the noise characteristics can be improved. 

[0110] llie oxide of the surface of the magnetization 
stabilizing layer 7 can be made by the same technique as 
described above for the soft magnetic underlayer 2. Namely, 
it can be formed by a method of exposing the surface of the 
magnetization stabilizing layer 7 to oxygen or to an atmo- 
sphere containing oxygen, or by a method of forming the 
surface portion of the magnetization stabilizing layer 7 with 
a process gas in which oxygen is added to a noble gas. 

[0111] By the constitution described above, in which a 
magnetization stabilizing layer 7 is provided between the 
perpendicular magnetic layer 4 and the protective layer 5, it 
is possible to improve the thermal demagnetization resis- 
tance and the reproducing output can be improved. This is 
because the magnetization stabilizing layer 7 absorbs the 
fluctuations in magnetic flux which occur at the surface of 
the perpendicular magnetic layer 4. Further, as a result of 
providing the magnetization stabilizing layer 7, it is possible 
to form a closed magnetic path with the magnetization of the 
perpendicular magnetic layer 7 which is normal to the 
substrate 1, and the in-plane magnetizations of the soft 
magnetic underlayer 2 or the magnetization stabilizing layer 
7. As a result of this action, the magnetization of the 
perpendicular magnetic layer 4 is more strongly fixed, and 
it is possible to obtain a magnetic recording medium having 
excellent thermal demagnetization resistance. 

[0112] The magnetization stabilizing layer 7 has particu- 
larly notable effects when the protective layer 5 is a carbon 
fihn formed by the CVD method or the ion beam method. If 
the protective layer 5 is a CVD carbon layer or ion beam 
carh)on layer as described above, it will have a better 
hardness than an ordinary thin carbon layer, and therefore, 
the layer can be made thinner, and the distance between the 



09/21/2002, EAST version: 1.03.0007 



us 2002/0127433 Al 



9 



Sep. 12, 2002 



perpendicular magnetic layer 4 and the magnetic head can 
be reduced. However, such a thin layer, also known as a 
DLC (diamond-like carbon) layer, is an insulator, and there- 
fore, its surface can very easily acquire a charge. Therefore, 
the magnetization of the perpendicular magnetic layer 4 may 
be destabilized by magnetic fields due to charges retained on 
the surface. 

[0113] Therefore, because the magnetic recording medium 
of the present invention is provided with the magnetization 
stabilizing layer 7, the perpendicular magnetic layer 4 is 
shielded from the magnetic fields due to the charges at the 
surface of the protective layer 5, and the magnetization 
stabilizing layer 7 has the role of protecting the magnetiza- 
tion of the perpendicular magnetic layer 4. As a result, in the 
magnetic recording medium of the present invention, even if 
an extremely thin CVD carbon layer or ion beam carbon 
layer is used as the protective layer, there is no degradation 
in the demagnetization heat resistance, and the magnetiza- 
tion stabilizing layer 7 of the present invention is especially 
effective in the case that the protective layer 5 has an 
extremely small thickness of 5 nm or less, and the perpen- 
dicular magnetic layer 4 can be easily affected by the 
charges on the surface of the protective layer 5. 

[0114] FIG. 6 shows an example where the magnetization 
stabilizing layer 7 is applied to a magnetic recording 
medium having a soft magnetic underlayer 2 comprising two 
soft magnetic layers 21, and an separation layer 22 inter- 
posed between these soft magnetic layers, but the magneti- 
zation stabilizing layer 7 can also be applied to a magnetic 
recording medium provided with a soft magnetic underlayer 
2 comprising three or more soft magnetic layers 21, and a 
plurality of separation layers 22, such as the above-men- 
tioned magnetic recording medium of the second embodi- 
ment of the present invention, and even in this case, the same 
excellent effects as above can be obtained. 

[0115] Method of Producing Magnetic Recording Medium 

[0116] In the method of producing a magnetic recording 
medium having the above constitution, a soft magnetic 
underlayer 2 is formed by a sputtering method or the like on 
the substrate 1 as shown in FIG. 1, after which an oxidation 
process is applied to the surface of the soft magnetic 
underlayer 2 if required, and then the orientation control 
layer 3, the perpendicular magnetic layer 4, and the protec- 
tive layer 5 are formed in sequence by a film forming 
method such as sputtering. Then, the lubrication layer 6 is 
formed by a method such as a dip coating method, a spin 
coating method or the like. 

[0117] The method for producing the above magnetic 
recording medium can also include, if necessary, a process 
for forming a hard magnetic layer between the substrate 1 
and the soft magnetic underlayer 2, a process for forming a 
nonmagnetic intermediate layer between the orientation 
control layer 3 and the perpendicular magnetic layer 4, a 
process for forming a magnetization stabilizing layer 7 
between the perpendicular magnetic layer 4 and the protec- 
tive layer 5 as shown in FIG. 6, and a process for oxidation 
treatment of the surface of the magnetization stabilizing 
layer 7. 

[0118] In the method for producing the above magnetic 
recording medium, the soft magnetic underlayer 2 can be 
formed by alternately using a target comprising the material 
of the soft magnetic underlayer 21 or a target comprising the 
material with a structure having no magnetic domain walls, 
and a target comprising the material of the separation layer 



22, and layer formation can be carried out by alternately 
sputtering the materials of each of the targets. If the soft 
magnetic underlayer is constituted of different materials 
depending on the layer, for example, a layer comprising 
FeAlSi for the soft magnetic layer 21 towards the substrate 
1, and a layer comprising CoZrNb for the soft magnetic 
layer 21 towards the orientation control layer 3, their respec- 
tive targets, along with the target for the separation layer 22 
interposed between these layers are used for sputtering in 
sequence for film formation. 

[0119] Further, in the case of producing the magnetic 
recording medium of the embodiment shown in FIG. 4 of 
FIG. 5, by iteratively carrying out the processes for forming 
the soft magnetic underlayer 2, it is possible to form the soft 
magnetic underlayer 2 shown in FIG. 4 or FIG. 5. Further- 
more, by the same technique, even in the case that the 
material of the soft magnetic layer 21 differs depending on 
the layer, it is possible to form the soft magnetic underlayer 
2 by sequential lamination by using targets of different 
materials, 

[0120] In the method for producing the above magnetic 
recording medium, in the case of using a magnetic layer with 
a multilayer structure of Co or a Co alloy and Pt or Pd or 
their alloys, for the perpendicular magnetic layer 4, a first 
target comprising a Co or Co alloy material, and a second 
target comprising a R and/or Pd material are alternately 
used, and the materials of each target are alternately sput- 
tered to form the perpendicular magnetic layer 4. 

[0121] In the case of applying an oxidation treatment to 
the surface of the soft magnetic underlayer 2 or to the 
magnetization stabilizing layer 7, the degree of oxidation 
and the amount of oxygen applied to the surface of the soft 
magnetic underlayer 2 or the magnetization stabilizing layer 
7 can be set by holding them for a predetermined time in an 
atmosphere of oxygen or a mixed gas comprising a mixture 
of argon or the like and oxygen. 

[0122] Alternatively, after forming the above soft mag- 
netic underlayer 2 (soft magnetic layer 21 or separation layer 
22) or the magnetization stabilizing layer 7, using the same 
targets used for formation of these layers, by sputtering 
using a process gas in which oxygen is mixed with a rare gas 
such as argon, a layer comprising oxygen can be formed on 
top of the soft magnetic underlayer 2 or the magnetization 
stabilizing layer 7. 

[0123] Alternatively, during the formation of the soft 
magnetic underlayer 2 or the magnetization stabilizing layer 
7, oxygen is mixed into the processing gas during only a 
predetermined time. More specifically, for example, if the 
soft magnetic underlayer 2 if formed by sputtering with 
argon, during only part of the layer formation time (for 
example, during the last second before the layer formation 
ends), sputtering is carried out with oxygen mixed into the 
argon. 

[0124] As the method for forming the protective layer 5, 
it is possible to use a method of forming a carbon film by 
sputtering using a carbon target, the CVD method or the ion 
beam method. Further, it is possible to apply a method of 
forming a thin film of SiOj or ZrOj by RF sputtering using 
a target of SiOj or ZrO^, or reactive sputtering using an Si 
or Zr target and an oxygen containing gas as a process gas. 

[0125] In the method of producing the magnetic recording 
medium of the present invention, it is preferable to use the 
CVD method or the ion beam method as the method for 
forming the protective layer 5. If these film forming methods 
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are used, in addition to being able to form a protective film 
5 having an very high degree of hardness and excellent 
characteristics, the film thickness can be made significantly 
smaller than the carbon layers of the prior art, and therefore, 
it is possible to carry out high density recording and repro- 
ducing with a very small distance between the perpendicular 
magnetic layer 4 and the magnetic head which records and 
reproduces the information. 

[0126] Magnetic Recording and Reproducing Device 

[0127] FIG. 7 shows a cross sectional view of one 
example of the magnetic recording and reproducing device 
according to the present invention. The magnetic recording 
and reproducing device of this figure is provided with the 
magnetic recording medium 25 constituted as shown in 
FIG. 1 or FIGS. 4-6; a medium driving portion 26 which 
rotationally drives the magnetic recording medium 25; a 
magnetic head 27 which carries out recording and repro- 
ducing of information to and from the magnetic recording 
medium; a head driving portion 28; and a recorded and 
reproduced signal processing system 29. The recorded and 
reproduced signal processing system 29 processes the input 
data and sends a recording signal to the magnetic head 27, 
and outputs data by processing the reproduced signal firom 
the recording head 27. 

[0128] Further, in the magnetic recording and reproducing 
device according to the present invention, it is preferable for 
the protective layer which is a component of the magnetic 
recording medium to be constituted of a CVD carbon film or 
an ion beam carbon film. By means of this constitution, it is 
possible to carry out high density recording and reproducing 
with a small spacing between the magnetic head 27 and the 
magnetic layer of the magnetic recording medium 25. Fur- 
ther, if the magnetic recording medium is provided with a 
magnetization stabilizing layer, and it is possible to provide 
a magnetic recording and reproducing device with excellent 
demagnetization heat resistance and reliability. 

[0129] Especially, in the above magnetic recording and 
reproducing device, if a single magnetic pole head is used as 
the magnetic head 27, by forming a closed magnetic path 
between the magnetic head 27 and the magnetic recording 
medium 25, the efficiency of transmission of the magnetic 
flux between the magnetic head 27 and the recording 
medium 25 is further improved, and the magnetization of the 
perpendicular magnetic layer of the magnetic recording 
medium can be strengthened, and therefore, high density 
recording and reproducing is possible. 

EXAMPLES 

[0130] The effects of the present invention will be shown 
below with reference to examples. However, the present 
invention is not limited to the following examples. 

Example 1 

[0131] A cleaned glass substrate (Ohara K. K., with a 2.5 
inch diameter) was positioned in the film forming chamber 
of a DC magnetron sputtering device (Anelva K. K. 
C-3010), which was evacuated to a vacuum of 2x10"'^ Pa, 
after which a film formation was carried out on the glass 
substrate to form a 60 nm soft magnetic layer by sputtering 
using an 86Fe — 9A1 — 5Si target with a substrate tempera- 
ture of 100* C. or below. Then, on this soft magnetic layer, 
a 0.8 nm separation layer was formed using an Ru target, and 
another 60 nm soft magnetic layer was formed using an 
89Co — 4Zr — ^7Nb target to form a laminate. 



[0132] Next, the substrate was heated to 200** C, and an 
orientation control layer having a laminated structure was 
formed on top of the soft magnetic underlayer, using a 
50Ni — ^SOAl target to a thickness of 8 nm and an Ru target 
to a thickness of 20 nm, and after this, a perpendicular 
magnetic layer with a thickness of 30 nm was formed using 
a target of 62Co— 20Cr— 14Pt— 4B. Further, in the above 
sputtering process, film formation was carried out using 
argon as the process gas at a pressure of 0.5 Pa. 

[0133] Next, a protective layer comprising a 5 nm fihn of 
DLC was formed using the CVD method. 

[0134] Next, a lubrication layer comprising a perfluo- 
ropolyether was formed on top of the protective layer 6 by 
dip coating with a thickness of 2 nm. The magnetic record- 
ing medium of the first embodiment was formed by the 
above processes. 

Examples 2-6 

[0135] Next, as Examples 2-6, magnetic recording media 
were made in with the same constitution and by the same 
processes as for the above Example 1, with the exception of 
using the materials indicated in the Table 1 below for the soft 
magnetic layers. 

Comparative Example 1 

[0136] Next, as Comparative Example 1, a magnetic 
recording medium was made in the same way as the above 
Example 1, except that a material with a structure having no 
magnetic domain walls was not used for the soft magnetic 
layers. 

Comparative Examples 2 and 3 

[0137] Next, as Comparative Examples 2 and 3, magnetic 
recording media were made in the same was as the above 
Example 1, except that a target of 89Fe — 9A1 — ^5Si was used 
to form the individual soft magnetic layers of the soft 
magnetic underlayer in such a way that they respectively had 
a product of the saturation magnetic flux density and the 
layer thickness Bs-t (T nm) of 120 (T nm) and 60 (T-nm). 

[0138] For the magnetic recording media of Examples 1-6 
and Comparative Examples 1-3, evaluations were carried 
out for the recording and reproducing characteristics and 
demagnetization heat resistance. The evaluation of the elec- 
tromagnetic conversion characteristics was carried out using 
a RWA-1632 read write analyzer and a S1701MP spin stand 
by GUZIK K. K. Further, a single magnetic pole head was 
used as the recording and reproducing head, and the error 
rate was measured at a linear recording density of 600 kFCI. 

[0139] Further, the value of the thermal demagnetization 
resistance was calculated based on the drop in output 
rate(%/decade) compared to reproducing one second after 
writing with a linear density of 50 kFCI, with the substrate 
heated to 70"* C based on (S^-S)xl00/(S„x3). In this for- 
mula, S„ is the reproducing ou^ut one second after the 
writing signal is applied to the recording medimn, and S is 
the reproducing output after 1000 seconds. 

[0140] The results of the above measurements are shown 
in Table 1. As shown in Table 1, for the magnetic recording 
media of Examples 1-6, which satisfy the requirements of 
the present invention, there was no generation of spike 
noise, while the presence of spike noise was confirmed in the 
recording medium of Comparative Example 1, and the error 
rate increased. Further, in the magnetic recording media of 
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Comparative Examples 2 and 3, while no spike noise was Example 9 

observed, there was a high level of medium noise, and there [0143] Next, a magnetic recording medium was produced 

were increased error rates. in the same way as for the above Example 1, with the 



TABLE 1 





Soft Magnetic Layer 1 
(Ibwards Substrate^ 


Separation Layer 


Soft MaRnetic Layer 2 


Error 
Rate 

im 


Occurrence of 

Spike Noise 
Yes/No 


Material 
(aL %) 


Bs T 

Cr- mn) 


Material 
(at. %) 


Thickness 
(nm) 


Material 
(at. %) 


Bs • t 
(T- nm) 


Example 1 


86Fc9A15Si 


60 


Ru 


0.8 


89Co4Zr7Nb 


60 


-5.8 


No 


Example 2 


gOFelOTalOC 


60 


Ru 


0.8 


89Co4Zr7Nb 


60 


-5.9 


No 


Example 3 


SOFelOT^lON 


60 


Ru 


0.8 


89Co4Zr7Nb 


60 


-6.1 


No 


Example 4 


S6Fe9A15Si 


60 


Ru 


0.8 


86Fc9A15Si 


60 


-5.0 


No 


Example 5 


85Fcl5C 


60 


Ru 


0.8 


89Cb4Zr7Nb 


60 


-6.1 


No 


Example 6 


75Fc25C 


60 


Ru 


0.8 


89Co4Zr7^a) 


60 


-6.2 


No 


Comparative 


89Co4Zr7Nb 


60 


Ru 


0.8 


89Co4Zr7Nb 


60 


-5.2 


Yes 


Example 1 


















Comparative 


86Fe9A15Si 


120 










-2.8 


No 


Example 2 


















Comparative 


86Fc9A15Si 


60 






89Co4Zr7Nb 


60 


-3.2 


No 


Example 3 



















Examples 7 and 8 

[0141] Next, magnetic recording media were produced in 
the same way as for the above Example 1, with the exception 
that the separation layer of the soft magnetic underlayer was 
constituted of the materials shown in Table 2, 

[0142] llie recording and reproducing characteristics of 
magnetic recording media of the above Examples 7 and 8 
were evaluated. The results are shown in Table 2. As shown 
in this table, in the case that a soft magnetic material is used 
as for the separation layer, it is possible to obtain an 
excellent error rate without observing spike noise. 



exception that a soft magnetic layer using a material with a 
structure having no magnetic domain walls was provided 
towards the substrate 1, and the soft magnetic layer provided 
towards the orientation control layer. The constitution of the 
soft magnetic underlayer is shown in Table 3. 

[0144] Evaluations were carried out for the recording and 
reproducing characteristics of the magnetic recording 
medium of the above Example 9. As shown in this table, 
when using a soft magnetic material as the separation layer, 
it is possible to obtain an excellent error rate without 
observing spike noise. 



TABLE 2 



Soft Magnetic Layer 1 

fTowards Substrate) Separation Layer Soft Magnetic Layer 2 Error Occurrence of 

Material Bs ■ T Material Thickness Material Bs • t Rate Spike Noise 

(at %) CT • nm) (at. %) (nm) (at. %) (T ■ nm) (10*) Yes/No 



Example 1 86Fe9A15Si 60 Ru 0.8 89Co4Zr7Nb 60 -5.8 No 

Example? 86Fe9A15Si 60 SGFelOT^lOC 2 89Co4Zr7Nb 60 -4.9 No 
Examples SOFelOT^lON 60 SOFelGTalON 2 89Co4Zr7Nb 60 -4.9 No 



TABLE 3 



Soft Magnetic Layer 1 

(Towards Substrate) Separation Layer Soft Magnetic Layer 2 Error Occurrence of 

Material Bs ■ T Material Thickness Material Bs * t Rate Spike Noise 

(at. %) (T ■ nm) (at. %) (nm) (at. %) * nm) (1(f) Yes/No 



Example 1 86Fc9A15Si 60 Ru 0.8 89Co4Zr7Nb 60 -5.8 No 

Example 9 89Co42r7Nb 60 Ru 0.8 86Fe9A15Si 60 -5.5 No 
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Examples 10-12 

[0145] Next, magnetic recording media were produced in 
the same way as for the above Example 1, with the exception 
that, as shown in Table 4, the materials constituting the 
separation layer and their thickness were changed. 

[0146] Evaluations were carried out for the recording and 
reproducing characteristics of the magnetic recording media 
of the above Examples 10-12. The results are shown in Table 
4. As shown in this table, if the material of the separation 
layer is changed, it is possible to obtain an excellent error 
rate without observing spike noise. 



TABLE 4 





Soft Magnetic Layer 1 
(Towards Substrate") 


Separation Layer 


Soft M acne tic 


Laver 2 


Error 
Rate 

im 


Occurrence of 

Spike Noise 
Yes/No 


Material 
(aL %) 


Bs ■ T 

(T- nm) 


Material 
(at. %) 


Thickness 
(nm) 


Material 
(at. %) 


Bs ■ t 
(T- nm) 


Example 1 


86Fe9Al5Si 


60 


Ru 


0.8 


89Co4Zr7Nb 


60 


-5-8 


No 


Example 10 


86Fe9A15Si 


60 


Ir 


0.3 


89Co42^7Nb 


60 


-6.3 


No 


Example 11 


86Fe9A15Si 


60 


Rh 


0.6 


89Co4Zr7Nb 


60 


-6.1 


No 


Example 12 


86Fe9A15Si 


60 


RulSCo 


0.8 


89Co4Zr7Nb 


60 


-5.8 


No 



Examples 13-15 

[0147] Next, magnetic recording media were produced in 
the same way as for the above Example 1, with the exception 
that, as shown in Table 5, a soft magnetic layer using a 
material with a structure having no magnetic domain walls 
is provided on the side of the substrate 1, and a different soft 
magnetic layer is provided at the side of the orientation 
control layer, and the thickness of each of these soft mag- 
netic layers was changed. 

[0148] Evaluations were carried out for the recording and 
reproducing characteristics of the magnetic recording media 
of the above Examples 13-15. The results are shown in Table 
5. As shown in this table, if the thickness of each soft 
magnetic layer is changed, it is possible to obtain an 
excellent error rate. 



TABLE 5 





Soft Magnetic 


Layer 1 
















ribwards Substrate"! 


Seoaration Layer 


Soft Maenetic 


Laver 2 


Error 


Occurrence of 




Material 


Bs T 


Material 


Thickness 


Material 


Bs • t 


Rate 


Spike Noise 




(at %) 


(T- nm) 


(at. %) 


(nm) 


(at. %) 


(T • nm) 


(m 


Yes/No 


Example 1 


86Fe9A15Si 


60 


Ru 


0.8 


89Co4Zr7Nb 


60 


-5.8 


No 


Example 13 


86Fe9A15Si 


140 


Ru 


0.8 


89Co4Zr7Nb 


140 


-5.2 


No 


Example 14 


86Fe9A15Si 


200 


Ru 


0.8 


89Co4Zr7Nb 


200 


-4.2 


Yes 


Example 15 


86Fe9A15Si 


60 


Ru 


0.8 


89Co4Zr7Nb 


60 


-5,8 


No 



Examples 16 and 17 

[0149] Next, magnetic recording media were produced in 
the same way as for the above Example 1, with the exception 
that, during formation of the soft magnetic layers, a mag- 
netic field was appUed in the radial direction of the substrate, 
oriented towards the periphery of the substrate or towards 
the center of the substrate, so that the direction of magne- 
tization of the soft magnetic layers is the radial direction of 
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the substrate, oriented towards the periphery of the substrate 
or towards the center of the substrate. 

[0150] Evaluations were carried out for the recording and 
reproducing characteristics of the magnetic recording media 
of the above Examples 16 and 17. The results are shown in 
Table 6. As shown in this table, if the directions of the 
magnetizations of the soft magnetic layers are made anti- 
parallel, or if the direction of the magnetization is along the 
radius of the substrate and oriented towards the periphery of 
the substrate or towards the center of the substrate, it is 
possible to obtain an excellent error rate without observing 
spike noise. 



Examples 20-22 

[0153] Next, magnetic recording media were produced in 
the same way as for the above Example 1, with the exception 
that, as shown in Table 8, the soft magnetic underlayer was 
constituted of three layers of the soft magnetic layers. 

[0154] Evaluations were carried out for the recording and 
reproducing characteristics of the magnetic recording media 
of the above Examples 20-22. The results are shown in Table 
8. As shown in this table, if the soft magnetic underlayer 
comprises three soft magnetic layers, it is possible to obtain 
an excellent error rate without observing spike noise. 



TABLE 6 



Soft Magnetic Layer 1 

fTowards Substrate) Separation Layer Soft Magnetic Layer 2 Error Occurrence of 



Material Bs • T Magnet. Material Thickness Material Bs • t Magnet. Rate Spike Noise 
(at. %) (T • nm) Direction (at. %) (nm) (at. %) (T ■ nm) Direction (10^ Yes/No 



Ex. 1 


86Fe9A15Si 


60 




Ru 


0.8 


89C04Zr7Nb 


60 




-5.8 


No 


Ex. 16 


86Fe9A15Si 


60 


Towards 
periphery 


Ru 


0.8 


89Co4Zi-7Nb 


60 


Towards 
center 


-6.5 


No 


Ex. 17 


86Fe9A15Si 


60 


Towards 
center 


Ru 


0.8 


89Co4Zr7Nb 


60 


Towards 
periphery 


-6.5 


No 



Examples 18 and 19 

[0151] Next, magnetic recording media were produced in 
the same way as for the above Example 1, with the exception 
that, as shown in Table 7, a soft magnetic layer using a 
material with a structure having no magnetic domain walls 
is provided on the side of the substrate 1, and a different soft 
magnetic layer is provided at the side of the orientation 
control layer, and each of these soft magnetic layers has 
different thicknesses. 

[0152] Evaluations were carried out for the recording and 
reproducing characteristics of the magnetic recording media 
of the above Examples 18 and 19. The results are shown in 
Table 7. As shown in this table, if two soft magnetic layers 
each having different thicknesses are used, it is possible to 
obtain an excellent error rate without observing spike noise. 



TABLE 7 



Soft Magnetic Layer 1 

(Tb wards Substrate) Separation Layer Soft Magnetic Layer 2 Error Occurrence of 



Material Bs - T Material Thickness Material Bs ■ t Rate Spike Noise 
(aL %) (T • nm) (at, %) (nm) (at. %) (T • nm) (Iff^ Ycs/No 



Example 1 


86Fe9A15Si 


60 


Ru 


0.8 


89Co4Zr7Nb 


60 


-5.8 


No 


Example 18 


86Fe9A15Si 


30 


Ru 


0.8 


89Co4Zr7Nb 


90 


-6.1 


No 


Example 19 


86Fe9A15Si 


90 


Ru 


0.8 


89Co4Zr7Nb 


30 


-5.2 


No 
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TABLES 



Scpa ratio n Separa tio n 

Soft Magnetic Layer 1 Layer 1 Layer 2 Occurrence 

rrowards Substrate') Thick- Soft Magnetic Layer 2 Thick- Soft Magnetic Layer 3 Error of 

Material Bs • T Material ness Material I3s • T Material ness Material Bs • t Rate Spike Noise 

(at. %) (r ■ nm) (at. %) (nm) (at. %) (T ■ nm) (at. %) (nm) (at. %) (T • nm) (10^ Yes/No 



Ex. 1 


86Fe9A15Si 


60 


Ru 


0.8 


89Co4Zi7Nb 


60 










-5.8 


No 


Ex. 20 


86Fe9AI5Si 


40 


Ru 


0.8 


89Co4Zr7Nb 


40 


Ru 


0.8 


89Co4Zr7Nb 


40 


-6.4 


No 


Ex. 21 


89Co4Zr7Nb 


40 


Ru 


0.8 


86Fe9Ai5Si 


40 


Ru 


0.8 


89Co4Zr7Nb 


40 


-5.8 


No 


Ex. 22 


86Fe9Al5Si 


40 


Ru 


0.8 


89Co4Zr7Nb 


40 


Ru 


0.8 


86Fe9Al5Si 


40 


-5.8 


No 



Example 23 

[0155] Next, a magnetic recording medium was produced 
in the same way as for the above Example 1, with the 
exception that, as shown in Table 9, after formation of the 
soft magnetic underlayer, the surface of the soft magnetic 
underlayer was oxidized by maintaining it in an atmosphere 
of a mixed gas of argon and oxygen at an partial oxygen 
pressure of 0.05 Pa. 

[0156] Evaluations were carried out for the recording and 
reproducing characteristics of the magnetic recording 
medium of the above Example 23. The results are shown in 
Table 9. As shown in this table, in the magnetic recording 
medium of Example 23 wherein the surface of the soft 
magnetic layer is oxidized, it is possible to obtain an 
excellent error rate without observing spike noise, lliis is 
because, as a result of the oxidation process, fluctuations in 
the magnetization in the vicinity of the surface of the soft 
magnetic underlayer can be inhibited, and the medium noise 
can be effectively reduced. 



Example 24 

[0157] Next, a magnetic recording medium was produced 
in the same way as for the above Example 1, with the 
exception that a magnetization stabilizing layer with the 
composition shown in Table 10 was formed on top of the 
perpendicular magnetic layer, in order to clarify the effect of 
the formation of the magnetization stabilizing layer on the 
perpendicular magnetic layer. 

[0158] Evaluations were carried out for the recording and 
reproducing characteristics of the magnetic recording 
medium of the above Example 24. The results are shown in 
Table 10. As shown in this table, in the magnetic recording 
medium of Example 24 provided with the magnetization 
stabilizing layer, it is possible to obtain an excellent error 
rate without observing spike noise. Further, the demagneti- 
zation heat resistance can also be improved. 



TABLE 9 



Soft Magnetic Layer 1 

fTowards Substrate) Separation Layer Soft Magnetic Layer 2 Surface Error Occurrence of 

Material Bs • T Material Thickness Material Bs • t Ox id. Rate Spike Noise 

(at. %) (J • nm) (at. %) (nm) (at. %) (J ■ nm) Yes/No (lO'O Yes/No 



Example 1 86Fe9Al5Si 60 Ru 0.8 89Co4Zr7Nb 60 No -5.8 No 

Example 23 86Fe9A15Si 60 Ru 0.8 89Co4Zr7Nb 140 Yes -6.S No 



TABLE 10 



Bs • t 
(T- nm) 





Soft Magnetic Layer 1 






of 


Repro- 






Demagn. 




CFowards Substrate) 


Separation Layer 


Soft Magnetic Layer 2 


Magnet. 


ducing 


Error 


Occurrence of 


Heat 




Material Bs • T 


Material Thickness 


Material Bs ■ t 


StabU. 


Output 


Rate 


Spike Noise 


Resistance 




(at. %) (T ■ nm) 


(at. %) (nm) 


(at. %) (T • nm) 


Layer 


(uV) 




Yes/No 


(%/dccade) 


Ex. 1 


86Fe9A15Si 60 


Ru 0.8 


89Co4Zi7Nb 60 




1650 


-5.8 


No 


0.55 


Ex. 24 


86Fe9Al5Si 60 


Ru 0.8 


89Co4Zr7Nb 140 


14 


2010 


-6.2 


No 


0.42 
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Effects of the Invention 

[0159] As explained in detail above, the magnetic record- 
ing medium of the present invention is provided, in 
sequence, with at least one soft magnetic underlayer, an 
orientation control layer to control the orientation of the 
layer immediately above it, and a perpendicular magnetic 
layer having an axis of easy magnetization which is mainly 
perpendicular to the nonmagnetic substrate, with the soft 
magnetic underlayer having a multilayer structiu^e compris- 
ing a plurality of soft magnetic layers, and one or more 
separation layers interposed between the soft magnetic lay- 
ers, and at least one of the soft magnetic layers is constituted 
of a material with a structure having no magnetic domain 
walls, and therefore, it is possible to prevent the formation 
of very large magnetic domains in the surface of the soft 
magnetic underlayer, and the error rate can be improved. 

[0160] In the above magnetic recording medium, the sepa- 
ration layer comprises one or more of the elements selected 
from the group consisting of Ru, Rh, Re, Ir and Cu, and if 
the thickness of the separation layer is preferably within the 
range of from 0.1 nm to 5 nm, it is possible to form a bonded 
antiferromagnetic structure in the soft magnetic underlayer, 
and therefore, the magnetizations of the soft magnetic layers 
separated by the separation layer can be made opposite to 
each other. As a result, along with preventing the formation 
of very large magnetic domains inside the soft magnetic 
layers, the magnetizations of the soft magnetic layers will 
cancel each other, and it is possible to reduce the medium 
noise generated by the soft magnetic layers. 

[0161] In the magnetic recording medium, each of the soft 
magnetic underlayer has a product Bs t (T nm), of the 
saturation magnetic flux density Bs (T), and the layer 
thickness t (nm) of 3 (T-nm) or more, and it is possible to 
suppress the formation of very large magnetic domains and 
inhibit the generation of spike noise in the magnetic record- 
ing medium. 

[0162] In the magnetic recording medium, if the samration 
magnetic flux density of the soft magnetic layer is 0.4 T or 
more, it is possible to form a structure which achieves 
sufiBcient magnetic flux density in the closed magnetic path 
between the magnetic head and the soft magnetic underlayer 
during reproducing, and it is possible to more strongly fix 
the magnetization of the perpendicular magnetic layer, and 
a magnetic recording head suitable for high density record- 
ing can be obtained. 

[0163] In the above magnetic recording medium, if the 
soft magnetic underlayer has a constitution wherein a part of 
or all of the surface on the side of the perpendicular 
magnetic layer is oxidized, it is possible to refine the crystal 
particle diameter of the orientation control layer formed on 
top of the soft magnetic underlayer, and reduce the noise. 
Further, it is possible to inhibit the noise resuUing from 
fluctuations in the magnetization of the surface of the soft 
magnetic layer, and therefore, a magnetic recording medium 
having exceUent noise characteristics can be obtained. 

[0164] In the production method of the magnetic recording 
medium of the present invention, by forming a multilayer 
structure wherein, on top of a nonmagnetic substrate, at least 
one soft magnetic underlayer, an orientation control layer for 
controlling the orientation of the layer formed immediately 
above, and a perpendicular magnetic layer having an axis of 



easy magnetization which is oriented mainly perpendicu- 
larly with respect to the nonmagnetic substrate, are formed 
as a laminate, and the soft magnetic underlayer has a 
multilayer structure comprising a plurality of soft magnetic 
layers comprising a soft magnetic material and one or more 
separation layers interposed between the soft magnetic lay- 
ers, and at least one of the soft magnetic underlayers 
comprises a material with a structure having no magnetic 
domain walls, and therefore, it is possible to prevent the 
formation of very large magnetic domains, and it is easy to 
constitute the magnetic recording medium which can sup- 
press spike noise. 

[0165] The magnetic recording and reproducing device of 
the present invention is provided with a magnetic recording 
medium comprising at least one nonmagnetic substrate, a 
soft magnetic underlayer, an orientation control layer to 
control the orientation of the layer formed directly above, 
and a perpendicular magnetic layer having an axis of easy 
magnetization which is oriented mainly perpendicularly 
with respect to the nonmagnetic substrate, and a magnetic 
head for carrying out the recording and reproducing of 
information to and from the magnetic recording medium, 
and the soft magnetic underlayer of the magnetic recording 
medium is formed to have a multilayer structure having a 
plurality of soft magnetic layers comprising a soft magnetic 
material, and one or more separation layers interposed 
between the soft magnetic layers, and at least one of the soft 
magnetic layers is a material with a structure having no 
magnetic domain walls, and therefore, it is possible to 
prevent increases in the error rate due to spike noise, and 
carry out the recording and reproducing of information at a 
high density. 

1. A magnetic recording medium comprising, in sequence, 
on a nonmagnetic substrate, at least one soft magnetic 
underlayer, an orientation control layer to control the ori- 
entation of the layer immediately above, and a perpendicular 
magnetic layer having an axis of easy magnetization which 
is oriented mainly perpendicularly to the nonmagnetic sub- 
strate, 

and said soft magnetic underlayer has a multilayer struc- 
ture having a pluraUty of soft magnetic layers compris- 
ing a soft magnetic material, and one or more separa- 
tion layers interposed between said soft magnetic 
layers, and at least one of said soft magnetic layers 
comprises a material with a structure having no mag- 
netic domain walls. 

2. A magnetic recording medium according to claim 1, 
wherein the material with a structure having no magnetic 
domain walls is selected from FeAlSi, FeTaN, FeTaC, FeC, 
FeAlSi type alloys, FeTaN type alloys, and FeTaC type 
alloys. 

3. A magnetic recording medium according to claim 1, 
wherein the separation layer comprises 50 at. % or more of 
one of, or two or more of the elements Ru, Rh, Re, Ir, and 
Cu. 

4. A magnetic recording medium according to claim 1, 
wherein the separation layer is constimted of a soft magnetic 
material that is different from the material constitutions the 
soft magnetic layers between which the separation layer is 
interposed. 

5. A magnetic recording medium according to claims 2, 
wherein the product Bs-t (T nm) of the saturation magnetic 
flux density per layer Bs (T) of the soft magnetic layer and 
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the thickness of the soft magnetic layer t (nm), is 3 T nm or 
more for each of the soft magnetic layers. 

6. A magnetic recording medium according lo claims 2, 
wherein the magnetic flux density of the soft magnetic layer 
is 0.4 T or more. 

7. A magnetic recording medium according to claims 2, 
wherein the thickness of the soft magnetic underlayer is 40 
nm or more. 

8. A magnetic recording medium according to claims 3, 
wherein the thickness of the separation layer is in the range 
from 0.1 nm to 5 nm. 

9. A magnetic recording medium according to claims 1, 
wherein among sets of an upper and a lower soft magnetic 
layers between which the separation layer is interposed, at 
least one set has different directions of magnetization for the 
upper and lower soft magnetic layers. 

10. A magnetic recording medium according to claims 1, 
wherein among sets of an upper and a lower soft magnetic 
layers between which a separation layer is interposed, at 
least one set has directions of magnetization which are 
antiparallel. 

11. A magnetic recording medium according to claim 10, 
wherein the direction of the magnetization of the soft 
magnetic layer is along the radius of the nonmagnetic 
substrate and oriented towards the periphery of the substrate 
or towards the center of the nonmagnetic substrate. 

12. A magnetic recording medium according to claims 1, 
wherein a hard magnetic layer is formed between the 
nonmagnetic substrate and the soft magnetic underlayer, and 
the magnetization of said hard magnetic layer is directed 
along the radius of the substrate and towards the periphery 
or the center of the substrate, and bonded with the magne- 
tization of the soft magnetic layer which is the lowest layer 
of the soft magnetic underlayer. 

13. A magnetic recording medium according to claims 1, 
wherein the lowest layer of the soft magnetic underlayer 
comprises a material of one selected from the group con- 
sisting of FeAlSi, FeTaN, FeTaC, FeAlSi type alloys, FeTaN 
type alloys, and FeTaC type alloys. 

14. A magnetic recording medium according to claims 1, 
wherein the top layer of the soft magnetic underlayer is a 
soft magnetic layer. 

15. A magnetic recording medium according to claims 1, 
wherein a part of the surface or all of the surface of the soft 
magnetic underlayer nearest the perpendicular magnetic 
layer is oxidized, 

16. A method for producing a magnetic recording medium 
by forming, on a nonmagnetic substrate, at least one soft 



magnetic underlayer, an orientation control layer for con- 
trolling the orientation of the layer immediately above, a 
perpendicular magnetic layer having an axis of easy mag- 
netization which is oriented mainly perpendicularly to the 
substrate, vidth the soft magnetic underlayer having a mul- 
tilayer structure having a plurality of soft magnetic layers 
comprising a soft magnetic material, and one or more 
separation layers interposed between said soft magnetic 
layers, and one of more of the soft magnetic layers com- 
prises a material with a structure having no magnetic domain 
walls. 

17. A method for producing a magnetic recording medium 
according to claim 16, wherein the material with a structure 
having no magnetic domain walls comprises one selected 
from the group constituting of FeAlSi, FeTaN, FeTaC, FeC, 
FeAlSi alloys, FeTaN alloys, and FeTaC alloys. 

18. A method of producing a magnetic recording medium 
according to claim 17, wherein the magnetization of the soft 
magnetic layer is directed along the radius of the nonmag- 
netic substrate towards the periphery or the center of the 
nonmagnetic substrate. 

19. A method for producing a magnetic recording medium 
according to claims 17, wherein a treatment for oxidizing the 
surface of the soft magnetic underlayer is included. 

20. A magnetic recording and reproducing device com- 
prising a magnetic recording medium having at least non- 
magnetic substrate, a soft magnetic underlayer, an orienta- 
tion control layer to control the orientation of the layer 
immediately above it, and a perpendicular magnetic layer 
having an axis of easy magnetization which is oriented 
mainly perpendicularly to the nomnagnetic substrate, and a 
magnetic head for carrying out recording and reproducing of 
the information to and from the magnetic recording medium, 
the soft magnetic underlayer of the magnetic recording 
medium being formed with a multilayer constitution having 
a plurality of soft magnetic layers comprising a soft mag- 
netic material, and one or more separation layers interposed 
between the soft magnetic layers. 

21. A magnetic recording and reproducing device accord- 
ing to claim 20, wherein the material with a structure having 
no magnetic domain walls comprises one selected from the 
group consisting of FeAlSi, FeTaN, FeTaC, FeC, FeAlSi 
type alloys, FeTaN type alloys, and FeTaC type alloys. 

* * * * * 
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